This report summarizes the findings for phase one of the agent review and discusses the review methods and results. The phase one review identified a short list of agent systems that would prove most useful in the service architecture of an information management, analysis, and retrieval system. Reviewers evaluated open-source and commercial multi-agent systems and scored them based upon viability, uniqueness, ease of development, ease of deployment, and ease of integration with other products. Based on these criteria, reviewers identified the ten most appropriate systems. The report also mentions several systems that reviewers deemed noteworthy for the ideas they implement, even if those systems are not the best choices for information management purposes.
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INTRODUCTION
This report is the result of the first phase of a three-phase review of existing agent systems. The overall goal of the reviews is to identify an agent system that will provide a good foundation for the interactions of an information storage, analysis, and retrieval system. The first phase, which this paper discusses, surveys many agent-based systems and identifies ten top candidates for further review. The second phase will examine those ten systems in more detail and evaluate them more thoroughly. The second phase will also involve writing a simple "hello world" example agent for each system. The third phase will examine three agent systems in even greater detail and discuss how adapting each system's specific model for agent development will help guide the development of a specific information system. This paper includes three main sections. The first section focuses on the overall set of agent systems and discusses the methodology for picking the agent systems and the criteria for evaluating them. This section also discusses some overall trends and insights gained from the review. The second section focuses on the evaluation of the top ten agent systems. This section examines and summarizes some of the features that make each agent system attractive as a phase two candidate. The third section points out some other notable agent systems or aspects of agent systems not included in the list of phase two systems.
Review results were recorded in a SharePoint list along with web links and various comments. The authors can provide the raw review data upon request.
OVERALL PHASE 1 REVIEW
Methodology
Collection Methodology
The reviewers collected and documented as many multi-agent systems as possible, including active projects with large developer communities as well as dormant projects. The review included general-purpose, extensible architectures as well as specialized, focused systems that professors or graduate students use to investigate very specific kinds of agent-based phenomena. Thus, the first review casts a broad net; subsequent reviews will reduce the number of systems under consideration.
Most (but not all) of the agent systems have a homepage, and most have either downloadable source code or binary executables.
The review includes a number of agent systems that the reviewers had previously known about and used (Repast Simphony in particular). The reviewers also found agent systems through web searches. A number of web sites included their own listings of agent systems. Table 1 lists the most useful sites. Because viability, uniqueness, and ease of development, deployment, and integration were the most subjective of the criteria, the review defined how these things were evaluated. For each of these criteria, each system received a score of 0, 1, 2, or 3. Tables 2 through 6 explain the criteria and scoring. Note that some scores are set to 0 because not enough information about a project is available or perhaps because the project itself is irrelevant.
Viability
"Viability" refers to the activity surrounding the project, codebase, and user community. A product is viable if it is released relatively frequently, has an active discussion forum, and has existed for several years. Simply being released as open source does not make a project viable. For example, the review identified examples of codebases that were uploaded to publicly available, open-source sites such as SourceForge (http://www.sf.net) or Google Code (http://code.google.com) but were not subsequently updated or maintained. Such projects, though open, did not receive a high viability rating. In some instances, projects may have been active for years, but the activity was clearly limited to a small research group working alone. Such a project may also have received a lower viability rating. The project appears to be active (perhaps there are current publications), but there are no frequent releases or apparent developer discussions. 3
The project makes frequent releases, has an active discussion forum, and has an activity community from multiple organizations.
Uniqueness
"Uniqueness" is a measure of how a project differentiates itself from other projects based upon the ideas or underlying model that drives the system. Though this quality might at first seem difficult to measure, in practice it was straightforward. A low-scoring project may be one in which a researcher explored an existing idea instead of a new one. A high-scoring project may demonstrate some new, specific perspective on how to build useful agent systems. The project focuses on either a problem domain or a design and development methodology. 3
The project provides a novel approach to agent systems.
Ease of Development
"Ease of development" refers to the difficulty of using the software to build new agent systems. For example, a system that provides its own integrated development environment might facilitate development tasks; conversely, a system that requires developers to learn a new language may add to the development burden. Typically, agent systems that were simply sets of Java classes received a score of 2. The system is designed for extensibility and easy development, and it may contain its own integrated development environment.
Ease of Deployment
"Ease of deployment" refers to the ease of deploying an agent system once it is built. Some agent systems include installers or other features that aid deployment. Deployment is easy. The software includes built-in ways to provide installers or is inherently a distributed system.
Ease of Integration
Because the agent framework will serve as a foundation upon which other products will be added, including modules from third parties, the ability to integrate the framework with other products is critical. Systems that score highly for "ease of integration" generally support multiple languages or feature an object design that allows developers to add agent behaviors using their own source code. Generally, low-scoring systems may use their own language, may be domain specific, or may be stand-alone applications. The system is difficult to integrate with other products. The system may be a stand-alone application, may require use of a custom language, or may be designed for a very specific domain. 2
The system is moderately difficult to integrate with other product, and may be simply a set of Java classes. 3
The system is easy to integrate with other products. System supports multiple languages or allows developers to program behaviors using their own models.
Overall Insights and Comments
The review team compiled a list of 159 projects to review. Of those, 16 are not actual agent systems but agent-related software. Of the remaining 143 agent systems, the reviewers determined that 36 are not relevant. Often, these are domain-specific products such as social or economic modeling systems that are not likely to be useful for building an information processing system. Of the remaining 107 systems, 59 are dormant or dead projects, most of which appear to have been abandoned around the year 2000. The reviewers did not include any dormant or dead projects in the ten projects recommended for phase two. However, some dormant projects explore some unique ideas or have interesting histories, and these are examined in the section "Other Systems and Ideas of Interest." From the remaining 48 projects, the reviewers picked ten for phase two review. These projects generally have a high viability score, have an active developer community, and have the potential to be incorporated into an agent system. Table 7 lists the categories of reviewed systems. Attachment A lists the systems selected for phase two review, and Attachment B shows the review results for each system. 
Category Number of Agent Systems
Phase two candidates 10
Not top 10 candidates 38
Dead projects 59
Not relevant agent systems 36
Not agent systems 16
As described above, reviewers scored each agent system from 0 to 3 in each of five categories: viability, uniqueness, ease of deployment, ease of development, and ease of integration. Each agent system could achieve maximum score of 15 points across the categories. The following figure shows how many agent systems received each possible score. Most systems scored somewhere in the middle, with the exception of a set of systems that scored 0. The latter systems were those for which reviewers found too little information or that reviewers deemed not relevant to the problem of information processing. 
PHASE 2 CANDIDATES
This section discusses the top candidates that reviewers picked for phase two review. All of these top candidates are Java-based.
The choice of an agent system is also a choice to introduce a particular agent-based model. As such, the reviewers tried to include variety of agent systems, each of which are relevant to information tasks, but each of which also somehow differentiates itself from the others. This ensures that the phase two review will not only evaluate various agent systems but will also evaluate various ways in which models can be used.
Repast Simphony
URL: http://repast.sourceforge.net/ License: BSD Country of origin: USA Repast is a well established, active, multi-agent system framework from Argonne National Laboratory. It is written as an Eclipse plug-in that allows programmers to develop within the agent framework and within Java simultaneously. Repast is geared toward modeling and simulation applications; the API allows programmers to write agents that do anything a Java agent can do. The key strengths of Repast are its maturity, its flexibility, and its extensibility in Java and Groovy. 
OTHER SYSTEMS AND IDEAS OF INTEREST
The agent systems that reviewers recommended for phase two were not the only ones of interest. Though many products are not suitable for the underlying agent framework, some aspects of them deserve mention; for example, 45 projects not included in the phase two list received high scores for uniqueness. This section describes six noteworthy projects not included in the phase two list.
The Coalition Agents eXperiment (CoAX) Effort
URL: http://www.aiai.ed.ac.uk/project/coax/ The CoAX effort, which was partially funded by DARPA, integrates products from many participants and appears to have finished in 2005. The project includes diverse participants and may be a good source of lessons learned.
Adaptable Java Agents (AJA)
URL: http://home.arcor.de/michal.badonsky/AJA/about_aja.html Thesis: http://home.arcor.de/michal.badonsky/AJA/thesis.pdf AJA is interesting in terms of how the developer implemented the agent development environment. The product claims to use an augmented Java language with additional agentspecific constructs.
Open Agent Architecture (OAA)
URL: http://www.ai.sri.com/~oaa/ OAA claims to support a wide variety of programming languages, an attribute that may prove useful in applications that require heterogeneity. 
Virtual Secretary
URL: http://www.cs.bham.ac.uk/research/projects/poplog/packages/simagent.html Virtual Secretary is an older project, but it is relevant because of its mixed-initiative and user modeling. For more information, see Bellika et al. (1998a) and Bellika et al. (1998b) .
CONCLUSIONS
This paper presents and explains the results of phase one of the multi-agent system review. The review examined 159 systems, ranked and scored them according to various criteria, and identified ten systems for phase 2 review. The reviewers also identified other systems that incorporate relevant and useful ideas.
APPENDIX B -ALL SYSTEMS REVIEWED
The reviewed systems are ordered by score. Notes and details are available in the spreadsheet. 
